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Abstract
Ectopic pregnancy denotes a pregnancy occurring elsewhere than in the cavity of the uterus. This pathology has been recog-
nised for years and it causes numerous maternal deaths during the first trimester of pregnancy. While this condition is well-
known in humans, it is rarely diagnosed in animals. However, the causes and mechanisms leading to an ectopic implantation
of the ovum are not always clearly defined in humans or animals. Two types of ectopic pregnancy are mainly recognized:
(1) tubal pregnancy occurs when an oocyte is fertilized and then remains in the oviduct and (2) abdominal pregnancy occurs
when the gestation develops in the peritoneal cavity. The latter may be subdivided into two subtypes: the primary form, when
a fertilized oocyte enters the peritoneal cavity and becomes attached to the mesentery or abdominal viscera, and the second-
ary form, which follows the rupture of an oviduct or the uterus after the fetus has been implanted, and the fetus is expelled
into the peritoneal cavity. Cornual, ovarian and cervical ectopic locations are less frequent. Several differences exist in ectopic
pregnancies between human beings and animal species. While abdominal pregnancy has been described in both human and
animal species, tubal ectopic pregnancies would appear to be restricted to primates. Other than anecdotal cases, this patho-
logical condition does not occur in laboratory, domestic or farm animals. Several factors are described as being the cause of
these differences.
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Introduction
In humans, ectopic pregnancy is an important pathology
that was recognised over 900 years ago (Albucassis
quoted by Buckley & Caine 1979). It is one of the major
causes of maternal death during the first trimester of preg-
nancy, causing 10% of all maternal deaths and 16% of
haemorrhages in pregnancy. Its mortality rate is 3 per
1000 cases (De Cecco et al. 1984). This condition has
undergone a dramatic increase over the last decades
(Wolfman & Holtz 1983), although the ectopic pregnancy
rate actually seems to be stabilizing (Van Den Eeden et al.
2005) or even declining in some types of ectopic preg-
nancy (Coste et al. 2000). Nevertheless, epidemiological
data vary depending on the country studied. Van Den
Eeden et al. (2005) reported an annual ectopic pregnancy
rate of 20.70 per 1000 reported pregnancies, and of 1.03
per 1000 women aged 15–44 years.
While this condition in humans is a well-known pathol-
ogy to gynaecologists in all its clinical characteristics, it is
still rarely diagnosed in animals. No detailed epidemiolo-
gical studies on ectopic pregnancy have been conducted
on animals. In laboratory animals, a low incidence of
abdominal pregnancies (0.05%) was found in pigs (Hong
& Armstrong 1978). However, Buckley & Caine (1979)
described a high abdominal pregnancy incidence rate in a
relatively small hamster colony. The incidence is variable
in commercially produced rabbits on different farms. A
one-year study on the main causes of rabbit doe discard
was performed on two farms where incidence rates of
7.8% and 1.6% respectively were reached for abdominal
pregnancies (Segura Gil et al. 2004). Additionally, four
abdominal pregnancies have been identified among 70
eliminated adult necropsied does (5.7%) in 6 months from
another farm (J M Corpa unpublished observations).
The causes and mechanisms leading to an ectopic
implantation of the ovum in animals and humans are not
equally or always clearly defined (De Cecco et al. 1984).
Although different studies seem to indicate that ectopic
pregnancy is an infrequent condition, numerous reports in
both humans and animals exist. This denotes the enor-
mous interest of an ectopic pregnancy given its clinical-
pathological and scientific repercussions. The objective of
this paper is to review the knowledge on ectopic pregnan-
cies in animals and humans, and to establish the main
differences between them.
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Ectopic pregnancy types
No uniform criterion of ectopic pregnancy classification
exists in humans and animals. Various criteria have been
unified to enable a didactic study of ectopic pregnancies.
Ectopic, or extrauterine pregnancy, denotes a pregnancy
that occurs elsewhere than within the uterine cavity. Two
main ectopic pregnancy types are recognized. (1) Tubal
pregnancy occurs when an oocyte is fertilized and then
remains in the oviduct because of numerous causes that
prevent its arrival in the uterus. Various subtypes have
been distinguished depending on the location: fimbrial,
ampulla and isthmus (Fig. 1). (2) Abdominal pregnancy
occurs when the gestation develops in the peritoneal cav-
ity. It may be subdivided into two subtypes: primary and
secondary. In the primary form, an oocyte or a retrograde
oocyte that is directly lost from the fimbrial or the oviduct
respectively, is fertilized in the abdominal cavity and
develops there, or a fertilized retrograde ova enters the
peritoneal cavity and becomes attached to the mesentery
or abdominal viscera (Fig. 2). In a true primary form,
placentation must exist on either a peritoneal or omental
surface. Secondary abdominal pregnancies follow the
rupture of an oviduct or the uterus (Fig. 3) after the fetus
has been implanted (Smith et al. 1989), either due to
external trauma or internal pressure (Owensby et al.
2001). The fetuses are expelled into the peritoneal cavity
(Fig. 4). Histologically, the fetuses usually show a
well-organized fibrous membrane surrounding them and
a moderate autolysis of the internal organs (Fig. 5). Three
possibilities have been described in a secondary abdominal
pregnancy: (a) the fetus escapes into the abdominal cavity
following a uterine rupture, but placental attachments are
retained (Lederer & Fisher 1960), (b) the fetus develops
Figure 2 Rabbit doe. Eight different sized fetuses (black asterisks)
attached to stomach serosa (white asterisk) and floating free in the
abdominal cavity.
Figure 1 Sites of ectopic pregnancy implantation.
Figure 3 Rabbit doe. Haemorrhage of endometrium associated with
uterine horn rupture. Haematoxylin-eosin. Scale bar: 100mm.
Figure 4 Rabbit doe. Recent abdominal pregnancy secondary to a left
horn rupture (arrow). Two fetuses showed placental attachments
(asterisks) to different abdominal surfaces.
632 J M Corpa Arenas
Reproduction (2006) 131 631–640 www.reproduction-online.org
prgmea.com
further with a gradual and eventual complete reimplanta-
tion of the placenta in the abdominal cavity (Bunte &
Hildebrandt 1975) or (c) an internal abortion may occur in
which the conceptus escapes into the abdominal cavity,
along with a loss of placental attachment (Madani & Tirgari
1984). Other less frequent ectopic locations are the corn-
ual, ovarian and cervical kind, where an extrauterine preg-
nancy may develop (Ginsburg et al. 1989, Bouyer et al.
2002, Kraiem et al. 2004, Tarim et al. 2004).
Tubal pregnancies
A tubal pregnancy is frequently encountered in human
gynaecologic practice in contrast to other species. The rar-
ity of observed tubal pregnancies in animals other than
humans suggests that either tubal implantation rarely
occurs, or that the resultant pregnancies do not survive
long enough to cause observable clinical signs of this con-
dition. Recently, it has been proposed in women with
extrauterine pregnancy that the leucocytic infiltrate in the
area of ectopic implantation may cause gradual destruc-
tion of the ectopically located trophoblast (Kucera et al.
2004). It has been reported that the low frequency of non
human primate tubal pregnancies may be due to the
inability of the ectopically implanted placenta to maintain
the pregnancy for an adequate period of time (Jerome &
Hendrickx 1982). Additionally, studies of tubal ligation in
mice, rabbits, rats, sheep, and pigs have shown that
embryos degenerate rather than implant in obstructed
tubes (Heap et al. 1979b, Moore et al. 1992). Either
the tubal environment is not conducive to embryonic
development, secreting factors that prevent tubal implan-
tation (Moore et al. 1992) for these non-primates, or
perhaps the embryo confined to the tube is unable to
carry out a maternal recognition of pregnancy. In many
non-primates, embryonic signals alter both the amount
and distribution of luteolysins secreted by the endome-
trium (Heap et al. 1979a, 1979b). However, this may
require an intrauterine embryo; luteolysis occurs unless
the embryonic signal is received, and the pregnancy can-
not be maintained (Jerome & Hendrickx 1982). It has also
been proposed that the difference in the observed tubal
pregnancy incidence between humans and non-human
primates may be related to the degree of dependence that
the pregnancy has on the functional status of the ectopic
placenta in early gestation (Jerome & Hendrickx 1982).
It has been reported that in humans an oviductal local-
ization accounts for approximately 95–98% of all ectopic
pregnancies, and that approximately 1% of oviductal
pregnancies are bilateral (Levasseur 1983). Ectopic preg-
nancies residing in the distal two thirds of the tube are the
most frequent, accounting for 85% to 95% of all tubal
ectopic pregnancies (DeCherney & Boyers 1985).
Although the reported percentages are variable, it can be
concluded that the most frequent oviductal segments
involved are ampulla (42–70%), isthmus (12–28%),
fimbriated end of oviduct (7–17.4%), interstitial portion
(2–13%), oviductal stump (2%), and other unknown
locations (8%) (Douglas 1963, Bouyer et al. 2002). Most
oviductal pregnancies terminate within the first 2 to 3
months of implantation by haemorrhage, ablation of chor-
ionic tissue, or by a rupture of the oviduct (Nicosia 1985).
In humans, the primary cause of tubal implantation is
thought to be an impairment of tubal transport, often as a
result of chronic inflammatory disease. It has been pro-
posed (Iffy 1965) that in some cases of tubal pregnancy,
menstrual flow might have caused a tubal reflux (with sub-
sequent implantation) of embryos conceived after mid-
cycle, and the secretion of chorionic gonadotrophin starts
too late to prevent menstruation. Recently, it has been pro-
posed that the vascular endothelial growth factor may be
the angiogenic factor responsible for the implantation and
placentation of an ectopic pregnancy in the human oviduct
(Lam et al. 2004). The expression of various factors such as
matrix metalloproteinases and tissue inhibitor of matrix
metalloproteinases may have roles in regulating the con-
trolled invasion of trophoblasts during implantation and
placentation during tubal pregnancy (Bai et al. 2005).
Oviductal pregnancies are often misdiagnosed for abor-
tion, pelvic inflammatory disease, ovarian cysts, and
uterine leiomyomas. Unequivocal histological documen-
tation of ectopic pregnancy requires the presence of chor-
ionic villi or fetal tissues within the oviduct. A
corroborating diagnostic finding is the presence of hyperse-
cretory endometrium with atypical glands and large nuclei
(Nicosia 1985).
It has not been possible to produce experimental tubal
pregnancies in laboratory or farm species (Hunter 1998).
Abdominal pregnancies
Although abdominal pregnancy in humans has been scien-
tifically reported since the 16th century (Kompanje 2005),
Figure 5 Fetus surrounded by a well-organized fibrous membrane
composed of homogenous eosinophilic material and fibroblasts.
Although internal tissues show a moderate autolysis, rachis (white
arrow), tracheal cartilages (black arrow) and lungs (asterisk) can be
easily differentiated. Haematoxylin-eosin. Scale bar: 500mm.
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this condition still causes controversy as to whether it is pri-
mary or secondary to a rupture of the uterus or oviduct.
Histological studies of placentation, a mummified fetus
and of either a ruptured uterus or oviduct are needed to
establish the difference between primary and secondary
forms (Nack 2000). It is known that the myometrium can
regenerate, leaving little or no cicatricial tissue. This may
explain the failure to find a uterine scar in some reports
(Bunte & Hildebrandt 1975, Segura Gil et al. 2004).
It is difficult to reconcile a primary abdominal pregnancy
with the accepted hypothesis of the establishment of preg-
nancy. This requires the presence of the conceptus in the
uterus 12 to 15 days after fertilization (Moor & Rowson
1966a, 1966b), and the exchange of humoral agent(s) lead-
ing to corpus luteum maintenance (Bazer & First 1983).
The presence of either the conceptus or a mummified
fetus is always attended by a retained corpus luteum, indi-
cating a feto-maternal endocrine relationship (Madani &
Tirgari 1984).
Approximately 1.3% of ectopic pregnancies are abdomi-
nal (Bouyer et al. 2002), and they occur through direct
implantation on to the peritoneal surface. Primary abdomi-
nal pregnancies have been described in a variety of extrapel-
vic organs, including omentum, liver, spleen, and the small
and large intestines (Kalof et al. 2004, Onan et al. 2005).
Primary abdominal pregnancies are extremely rare,
although they were reported for the first time in animals and
women many years ago (Bland-Sutton 1904 and Maxwell
et al. 1927 quoted by Buckley & Caine 1979). Cases of
secondary abdominal pregnancy have been reported in
several animal species, and they have been experimentally
induced in rabbits, guinea pigs (Bland & Donovan 1965),
rats (Bunte & Hildebrandt 1975) and mice (Hreshchyshyn &
Hreshchyshyn 1964). In humans, secondary abdominal
pregnancy is usually subsequent to tubal pregnancies with a
rupture of the oviduct (Smith et al. 1974).
Death of the abdominal fetuses would occur when the
crude placental attachment no longer provided sufficient
nutrition through an inadequate blood supply (Buckley &
Caine 1979). The fact that abdominal fetuses can develop
to an advanced stage (Fig. 6) without an elaborate placen-
tation has been shown in pregnancy reports following
ovariohysterectomy in humans and animals (Carrig et al.
1972, Crownover & Yeargan 1976, Forbes 1989, Knott
1989, Peterson et al. 1997, Nack 2000). Two possible
explanations have been proposed for ectopic pregnancy
in spayed animals. First, it was thought that the physical
handling of the fallopian tubes during surgery carried out
shortly after coitus might have placed the fertilized ova
into the abdomen. Secondly, the fetus was from a prior
pregnancy, and it went unnoticed at the time of ovariohys-
terectomy (Carrig et al. 1972, Nack 2000). An abdominal
pregnancy occurring subsequent to hysterectomy is recog-
nized as a rare postoperative complication in human
beings (Hanes 1964), although it has been reported that a
history of tubal sterilization does not rule out the possi-
bility of ectopic pregnancy, even many years after the pro-
cedure (Peterson et al. 1997).
Whereas abdominal pregnancy has been regularly
reported to be compatible with full-term development in
humans (Xiao et al. 2005), it is very rare or unknown in
domesticated and laboratory species (Gosden & Russell
1981). Only two references have been found of animals
with abdominal pregnancy, where a caesarean was per-
formed and the lambs and kittens were alive (Feeney &
Johnston 1983, Mitchell 1989).
Long-existing abdominal fetuses in women frequently
become calcified, and these are called lithopedions
(Bunte & Hildebrandt 1975). Mineralized abdominal
fetuses have been reported in monkeys (Bosu & Barker
1980), dogs, cats (Bunte & Hildebrandt 1975) and rabbits
(Segura Gil et al. 2004).
Ectopic pregnancy in animals
Differences exist in the location of ectopic pregnancies in
animals. Other than primates, where several cases of tubal
pregnancies have been described, the abdominal cavity is
the most frequent location of ectopic pregnancies. On the
basis of the number of reports, it would also appear that
differences exist between species.
Primates
Three cases of tubal pregnancy have been reported in
primates: in a hamadryas baboon (Papio hamadryas) with
apparent tubal placentation (Waldeyer, 1893, quoted
by Jerome & Hendrickx 1982), in a rhesus monkey
(Macaca mulatta) implanted in the ampulla of the uterine
tube, where an endocrine or neuromuscular defect affect-
ing tubal transport was the proposed cause (Jerome &
Hendrickx 1982), and in a vervet (Cercopithecus aethiops)
(Lapin & Yakovleva 1963).
Figure 6 Rabbit doe. Secondary abdominal pregnancy. Two mummi-
fied fetuses with a well developed osseous structure and markedly
autolysed parenchymatous organs. One of them was attached to the
serosal surface of the stomach (right) and the other was free in the
abdominal cavity (left).
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Eight cases of abdominal pregnancy have been described
in primates: owl monkey (Aotus trivirgatus) (Bunte &
Hildebrandt 1975), squirrel monkey (Saimiri sciureus)
(McClure & Chang 1975), rhesus monkey (Bosu & Barker
1980), and baboon (Papio papio) (Schlabritz-Loutsevitch
et al. 2004). The first three were diagnosed as being the
result of a spontaneous uterine rupture, but the last, which
had undergone a caesarean section in the past, showed no
sign of uterine rupture or fistula. In this case, a primary
ectopic pregnancy was suspected and the authors hypoth-
esized that it was the result of a pathological implantation
of a fertilized egg from an ovary, suggesting that previous
caesarean sections are a risk factor for abdominal preg-
nancy (Schlabritz-Loutsevitch et al. 2004). In addition, two
abdominal pregnancies were reported in rhesus monkeys
(Myers 1972), and two extrauterine pregnancies were
briefly reported in monkeys (Lapin & Yakovleva 1963).
Laboratory animals
Ectopic pregnancies have also been described in other
non-primate laboratory animals such as guinea pigs
(Araujo 1964, Hong & Armstrong 1978), rabbits (Smith
et al. 1989, Arvidsson 1998, Beddow 1999, Owensby
et al. 2001), hamsters (Buckley & Caine 1979, Peters
1982), rats (Gosden & Russell 1981, Polzenhagen et al.
1983), and mice (Bloch 1962, King et al. 1978). Abdomi-
nal pregnancies were diagnosed in all cases except for a
rat (Polzenhagen et al. 1983) and a mouse (King et al.
1978), where ovarian and tubal pregnancies respectively
were proposed. Primary and secondary ectopic pregnan-
cies have been proposed in all reported species, although
there was no clear diagnosis at times. Although the esti-
mation of the time the ectopic pregnancy was indicated, it
was always approximate and it oscillated between a
period of days to 8 months in a rabbit with a primary
abdominal pregnancy (Smith et al. 1989).
Domestic animals
The large number of references about ectopic pregnancies
in domestic animals, mainly in cats, is striking. All cases
were abdominal pregnancies (primary or secondary), and
this condition has been described in several reports on
spayed cats where the ectopic pregnancy was usually
diagnosed in a routine exploration months after ovariohys-
terectomy (Carrig et al. 1972, Crownover & Yeargan 1976,
Forbes 1989, Knott 1989, Nack 2000). This late diagnosis,
sometimes up to two years after conception (Lofstedt
1989), is due to the absence of clinical signs in the
majority of cases. When present, clinical signs (decreased
appetite, retching, vomiting, etc.) were usually associated
with unrelated infections (Hannon 1981), mechanical
interference with abdominal organs or with the necrosis
of the ectopic tissue (Johnson 1986). No clear association
exists between the duration for the ectopic fetus and the
development of clinical signs (Nack 2000).
Except in spayed animals where a primary form was
proposed, all other recorded cases were thought to be sec-
ondary due to an abnormal parturition associated with
uterine rupture (De Nooy 1979, Johnson 1986, Palmer
1989), or with abnormal uterine anatomy (i.e. one uterine
horn and a urachal remnant) (Hansen 1974). These abnor-
mal structures would allow sperm to reach and fertilize an
ovum, but they would not allow the uterine tract to
receive the fertilized ovum (Nack 2000).
Farm animals
Only ten references have been found referring to ectopic
pregnancies in farm animals: two in mares (Freytag 1972,
Thursby-Pelham 1992), two in cows (Botcherby 1980,
Hedge 1989), three in sheep (Davies 1982, Madani &
Tirgari 1984, Mitchell 1989) and three in farmed rabbits
(Marcato & Rosmini 1986, Rosell 2000, Segura Gil et al.
2004). Secondary abdominal pregnancies were diagnosed
in all cases except in some does, where a primary preg-
nancy was suspected (Segura Gil et al. 2004), and in a
mare where two 17-day-old concepti were found in a tubal
location; the first migrated to a normal position within the
uterine horn, and the second was seen to be resorbing
during a second scanning (Thursby-Pelham 1992).
Differences between humans and animals
After reviewing the bibliography, the main conclusion is
that several differences exist (incidence, pathogeny,
location, clinical presentation, treatment, prognosis, etc.) in
ectopic pregnancies between human and animal species.
Although abdominal pregnancies have been described
in human and animal species, tubal ectopic pregnancies
would appear to be restricted to primates. Other than
anecdotal cases, this pathological condition does not
occur in laboratory, domestic or farm animals (Hunter
2002). It has been reported that these differences may be
influenced by a number of factors.
Anatomical factors
Uterus and oviduct
It has been reported that the anatomical differences
between the simplex uterus in primates, compared with
either a bicornuate or a bipartite uterus in laboratory and
farm species, may be relevant. There is no clear-cut
distinction between the endometrium and endosalpinx in
the intra-mural segment, and there is evidence to indicate
that not only does fluid from the tubal lumen enter the
uterus, but also that the uterine fluid may retrogradely
pass into the tubes of primates. Accordingly, if a mixing of
tubal and uterine fluids occurs, it may not be essential for
a developing morula to pass to the uterus in order to gain
access to metabolic substrates present in uterine fluid.
Nonetheless, there seems to be a marked difference
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between primates and domestic or laboratory animals in
the potential access of the uterine fluid to the fallopian
tubes. The uterine fluid of the golden hamster damages
the membranes of recently ovulated (tubal) eggs (Hunter
1998) and additionally it has been hypothesized that rab-
bit endosalpinx secretes a factor that prevents tubal
implantation (Moore et al. 1992).
Placentation
Although primary abdominal pregnancies have been
reported in domestic species, no viable fetoplacental units
outside an intact uterus have been found during the latter
half of pregnancy. The type of placentation in cats does not
lend itself to produce a viable extrauterine pregnancy. There-
fore, true extrauterine viable pregnancy does not seem likely
in cats (Nack 2000). It has been proposed that viable extrau-
terine fetuses would seem unlikely in terms of the form of
placentation in carnivora, despite its relative intimacy in
comparison with other domestic species (Lofstedt 1989).
By contrast, human beings have an invasive type of placen-
tation (Climent & Bascuas 1989), and this is probably the
reason why human fetoplacental units can develop to term
in extrauterine pregnancies (Lofstedt 1989).
Physiological factors
It has been reported that the different incidence of extrau-
terine pregnancy in women and domestic animals may be
influenced by some of the following factors (Lofstedt
1989). (1) The ability of the human zygote to cleave in vitro
without the need for tubal or uterine factors. This is in con-
trast to other mammalian zygotes, in which at least one
cleavage stage cannot be pursued (Thibault 1972). (2) The
more active role of the blastocyst in implantation in
women. This, together with the independence from the
uterus, facilitates attachment by the embryo to other sur-
faces (Davies 1982). (3) There is a fundamentally different
type of steroid secretion during the luteal phase in women.
Transport of ova through the oviduct is controlled by peri-
stalsis and antiperistalsis; and oestrogens and
progestins (which modify the relative importance of these
contractions) are responsible for the chronology of egg
transport from the fimbrial to the uterus (Thibault 1972).
(4) The similarity between the uterine and the tubal
environment, together with the fact that the human tube is
able to decidualize, may account for the fact that spon-
taneous ectopic implantations have only been recognized
in women, and have proved essentially impossible to detect
in animals. (5) Maturational synchrony (between the uter-
ine environment and the development of the blastocyst)
is less strictly required in women than in animals; it could
account for the spontaneous occurrence of ectopic implan-
tation in women (Lofstedt 1989).
Levasseur (1983) also identified several factors which
distinguish women from domestic mammals: (1) in women,
the presence of the embryo is not required in the uterus for
luteal progesterone secretion to take place; (2) the embryo is
capable of surviving in either the tubes or the uterus; (3) the
placenta is haemochorial; and (4) implantation is interstitial.
All these characteristics are not simultaneously found in any
domestic mammal, and it would seem that the more numer-
ous the differences, the less chance there would be of a true
extra-uterine pregnancy occurring.
Ectopic pregnancy prevention mechanism
Pauerstein et al. (1990) suggested that the human fallopian
tube lacks a system that functions in the oviducts of other
species, such as rabbits (Moore et al. 1992), to prevent
oviductal implantation. Pauerstein et al. (1990) postulated
the presence of a factor in the endosalpinx of infrapri-
mates that actively suppresses ectopic implantation in the
oviduct. This system may be absent or imperfectly devel-
oped in the human fallopian tube, and may be further
compromized in damaged tubes. Rather than simply
being non receptive to implantation, this factor might
actively suppress embryo development beyond the blasto-
cyst stage, and thus prevent implantation.
Pathological factors
It has been regularly proposed that humans are subject to
diseases that do not affect other species. These diseases
are thought to cause structural damage to the fallopian
tubes, which, in turn, either causes the arrest of the
embryos in the tube or increased tubal receptivity for
implantation (Pauerstein et al. 1990). However, animals
also suffer from reproductive diseases that are not pre-
sented in humans.
In humans, the invasiveness of placentation and the
development of ectopic endometrial tissue (endometriosis)
are probably the reasons that it is possible for ectopic
pregnancies to become established, thus allowing such
fetuses to develop to term (Nack 2000). Endometriosis is
not a feature of animals (except primates), and previous
attempts to develop non-primate models of extrauterine
pregnancy have not met with success (Hunter 2002).
Other proposed factors
Levasseur (1983) examined other possible factors that
could explain the frequency of extrauterine pregnancies in
women, and their rarity in domestic mammals. (1) The risk
of ectopic pregnancy increases in women with age and par-
ity (Pulkkinen 1995), yet the rotation of females used for
reproduction is usually rapid among domestic mammals.
(2) Women undergoing surgical interventions for tubal
pathology due to congenital conditions, infections or to
other causes, have a high ectopic pregnancy rate (Peterson
et al. 1997, Paavonen & Eggert-Kruse 1999), but mammals
with tubal pathology do not generally reproduce. (3) Ecto-
pic pregnancies are not observed in domestic animals
subjected to experimental tubal surgery. (4) The adminis-
tration of gonadotrophins in women, but not in mammals,
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to promote ovulation, is associated with a higher rate of
ectopic pregnancy. (5) The failure of some types of contra-
ceptives, such as tubal sterilization, or the use of chemical
sterilization, such as quinacrine, is associated with ectopic
pregnancy in women (Kessel et al. 1985). It has also been
reported that the inhalation of cigarette smoke is a risk fac-
tor for ectopic pregnancy (Knoll et al. 1995, DiCarlantonio
& Talbot 1999). However, no comparable situation is found
in domestic animals.
Management
In humans, the evaluation of a patient with suspected
ectopic pregnancy may include the determination of bio-
chemical markers (serum human chorionic gonadotrophin
(b-hCG) levels and serum progesterone levels), ultrasono-
graphy, and the use of other diagnostic tests, such as uter-
ine curettage, culdocentesis or laparoscopy. The most
commonly used methods are the b-hCG level in combi-
nation with ultrasonography. In general, an ectopic preg-
nancy should be suspected when an empty uterus is seen
via transvaginal ultrasonography, and when the b-hCG
level is greater than 1500–2000 mIU per ml (Tenore
2000, McCollum 2001). However, it has been discussed
that a viable intrauterine pregnancy is not excluded in
such circumstances, and consequently a ‘diagnostic curet-
tage’ performed with this indication may lead to an unin-
tended, induced abortion (McCollum 2001).
Once a tubal ectopic pregnancy has been diagnosed,
various types of treatments are available: (a) surgical
treatment, which can be performed radically or conser-
vatively, either laparoscopically or by an open surgical
procedure; (b) medical treatment, with a variety of
drugs, which can be administered systemically and/or
locally by different routes (transvaginally, either under
sonographic or laparoscopic guidance); and (c) expectant
management. The choice of treatment modality should
be based not only on short-term outcome measures
(primary treatment success and reinterventions for clini-
cal symptoms or persistent trophoblast), but also on
long-term outcome measures (tubal patency and future
fertility) (Hajenius et al. 2000).
The only treatment recorded in the bibliography for
ectopic pregnancies in animals is surgical removal, either
with or without ovariohysterectomy (Johnson 1986). This
may be due to the fact that in most cases, diagnoses tend
to be accidental or a necropsy finding. No other treat-
ments for animals appear in the consulted bibliography.
Therefore, the following management techniques refer to
human beings.
Surgical treatment
Modern surgery for tubal ectopic pregnancy has two
goals: (1) the prevention of mortality and morbidity; and
when desired (2) the preservation of fertility (DeCherney
& Boyers 1985). Conservative surgery management is
different according to the ectopic pregnancy location. In
an ampullary ectopic pregnancy, a linear salpingostomy is
performed, and the incision is then left to heal by a sec-
ondary intent. In an ectopic pregnancy located at the fim-
brial ends, a ‘milking’ technique allows the trophoblastic
tissue to pass through the fimbria. If, however, the ectopic
pregnancy is located in the isthmic portion of the fallopian
tube, that segment is excised, and the two ends are rea-
nastamosed under microscopic guidance at a later date
(Tenore 2000). The distinct anatomic differences between
ampulla and isthmus make linear salpingostomy a poor
choice in the isthmic tube (DeCherney & Boyers 1985).
Once an ectopic pregnancy has progressed to rupture, the
only treatment option is surgery, either laparoscopically or
by full laparotomy.
Although laparoscopic conservative surgery is less
costly (less blood loss and analgesic requirement, shorter
operation times, hospital stays, and convalescence times)
than the open surgical approach, it is significantly less
successful in eliminating a tubal pregnancy due to the
higher persistent trophoblast rate of laparoscopic surgery
(Hajenius et al. 2000).
The most frequent complications of surgery are the
recurrence of an ectopic pregnancy (with an incidence
range between 5% and 20%), and the incomplete removal
of trophoblastic tissue. It has been suggested for very
high-risk patients that a single dose of methotrexate
should be given postoperatively as a prophylactic measure
(Hajenius et al. 1997).
Medical treatment
Early-stage diagnosis has made the medical management
of ectopic pregnancies an option. The potential advan-
tages are the avoidance of surgery and its concomitant
hazards, the preservation of tubal patency and function,
and lower cost (Tenore 2000). Chemical agents that have
been investigated include hyperosmolar glucose, urea,
cytotoxic agents (e.g. methotrexate and actinomycin),
prostaglandins and mifepristone (RU486) (Vejtorp et al.
1991, Anandakumar et al. 1995, Strohmer et al. 1998).
Methotrexate, a folic acid antagonist that interferes with
DNA synthesis and cell multiplication, has been the
object of most studies. Rapidly dividing cells are most vul-
nerable to methotrexate. This accounts for the effect the
drug has on trophoblastic tissue, and also for its side
effects on the buccal and intestinal mucosa, urinary blad-
der, bone marrow and skin. Although a potential for
serious toxic effects exists, the low dosages of methotrex-
ate used in patients with ectopic pregnancies generally
cause only mild, self-limited reactions. Common side
effects include nausea and vomiting, urinary frequency
and mild diarrhoea. Thus, when the diagnosis is certain,
and the largest dimension of an ectopic mass is less
than 3.5 cm, methotrexate therapy becomes an option.
However, the b-hCG level needs to be considered
when selecting patients for methotrexate therapy
Ectopic pregnancy in animals and humans 637
www.reproduction-online.org Reproduction (2006) 131 631–640
(Tenore 2000). Corsan et al. (1995) reported that b-hCG
levels higher than 1500 mIU per ml were associated with
a much higher risk of treatment failure, and that b-hCG
levels higher than 5000 mIU per ml did not usually
respond to methotrexate therapy. Nonetheless, Yuce et al.
(2004) described a case of an unruptured ectopic preg-
nancy in a patient with extremely high b-hCG concen-
trations (38 270 mIU per ml) which was successfully
managed with a single dose of methotrexate.
In addition to b-hCG levels, indications for methotrexate
include haemodynamic stability, confirmation of ectopic
pregnancy by ultrasound examination, significant risk
associated with general anaesthesia, patient compliance,
lack of contraindications to methotrexate therapy, small-
sized ectopic mass, and lack of fetal cardiac motion
(Tenore 2000).
The bibliography refers to other alternative, or new, treat-
ments. It has been reported that the administration of an
anti-progesterone may result in the safe disruption of an
early ectopic pregnancy and tubal abortion through the fim-
brial end of the uterine tube, or in the resorption of the ecto-
pic gestation as a result (Ulmann & Dubois 1988). It has
been suggested that the vascular endothelial growth factor
(VEGF) may be the angiogenic factor responsible for the
implantation and placentation of an ectopic pregnancy in
the human oviduct. The inhibition of VEGF action may also
be a potential medical treatment for ectopic pregnancy
(Lam et al. 2004). It has been reported that the systemic
application of 5-aminolevulinic acid followed by trans-
mural exposure to photoactivating light (630 nm), resulted
in the resorption of early pregnancies in the rat. This
approach was proposed as a new treatment for ectopic
pregnancy (Yang et al. 1994). The vaginosonographically
guided application of hyperthermia to an early detected
human ectopic pregnancy has been proposed as a promis-
ing future therapy (Popp et al. 1993). It has recently been
reported that unruptured live ectopic pregnancies may be
successfully managed without surgical intervention through
an ultrasound-guided local injection of either methotrexate
or potassium chloride (Monteagudo et al. 2005).
Expectant management
There have been reports of the spontaneous resolution of
ectopic pregnancies in both humans and animals,
suggesting that many early stage diagnosed cases need no
treatment at all (Mashiach et al. 1982, Thursby-Pelham
1992). In humans, it has been reported that expectant
management may be an option for the asymptomatic
patient with a small-sized ectopic pregnancy (less than
3.5 cm in greatest dimension), and when b-hCG levels are
low and declining (Sauer et al. 1988, Tenore 2000).
Regardless of the treatment approach (surgical, medical
or expectant), the b-hCG level should be followed until it
becomes undetectable or until it decreases to less than
5 mIU per ml (Tenore 2000).
In conclusion, several differences between primates
(human and non human) and animals suffering ectopic
pregnancies exist, mainly in the location where this con-
dition is developed. The scarcity of reports about this con-
dition in commercial animals might be due to the absence
of ordinary necropsy procedures. Extrauterine pregnancies
would not be such an unusual finding if we were to per-
form regular necropsies on animals. Different species
have successfully been used as animal models in ectopic
pregnancy studies, mainly for the evaluation of new treat-
ments and surgical techniques (Nelson et al. 1986, Tepper
et al. 1992, Popp et al. 1993) that have later been used in
human beings. However, it is necessary to clarify several
aspects such as the aetiology of this condition and the
implicated factors.
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